infinitely many damned for an eternity of their time. Metaphysical arguments against damnation must do more than establish that time and space are finite.
Can Hell be a physical place even if space and time are finite? If Hell was a physical place, would it be detectable? How might the spaces and times of the damned relate to those of the saved? The following (admittedly highly) speculative exercise in physical eschatology explores these questions by considering a temporally-closed ('time travel') spacetime as a model Hell. Time-travel spacetimes widen the conceptual space for physical Hells and allow otherwise impossible outcomes. Our model Hell requires two counterfactual conditions: i) time is closed, and ii) space and matter are arbitrarily divisible along one dimension. Given these conditions, spatiotemporally finite Hells can hold all the (personally) infinite futures of infinitely many material damned beings. Indeed, such Hells can do so even if time consists of indivisible atomic units and passes at the same rate for all observers.
II) The Structure of Hilbert's Inferno
To dramatise time travel's eschatological possibilities, imagine you are a demon tasked with tormenting legions of the damned forever. Your task faces certain restrictions. Firstly, the damned are extended material beings. Secondly, you must accept infinitely many damned. Thirdly, your inferno is spatiotemporally finite.
Fourthly, rates of temporal passage are either constant for all observers or at most can only diverge within finite bounds, (e.g. so you can't give some observers an infinite duration in a finite interval of other observers' time simply by making time pass everfaster for the former observers). 3 Can an inferno meeting these desiderata 3 Like Roy Sorensen's 'pseudo-immortals', whose personal rate of temporal passage comes to diverge exponentially from that of external time so they live an infinite personal duration in a finite external time. See 'The Cheated God: Death and Personal Time ', Analysis, Vol. 65, 2005, pp. 119-125 . More on personal time and its relationship to time travel in section III. accommodate infinitely many physical damned forever? Yes, provided i) space and matter are arbitrarily divisible in one dimension, and ii) time itself is closed.
Our model Hell is a time travel spacetime. The easiest time travel spacetime to picture (although not the most physically realistic) is an otherwise ordinary (e.g. Minkowski) spacetime wherein two complete timeslices are identified. Such identification gives spacetime a closed time co-ordinate. Our closed-time universe has three spatial dimensions and one time dimension but it can be pictured as the twodimensional surface of a cylinder, where space is the linear axis and time the closed axis. As an object persists over time, it progresses its way around the 'cylinder', (figure after Earman 1995, p. 214, fig. 7 .1):
An object that moved only in time (i.e. suffered no spatial displacement) would eventually persist its way around the cylinder's (finite) circumference and right back into becoming its own earlier self. Any physically realistic self-becoming 'object loop' would present a host of difficulties concerning (e.g.) apparent reversals of entropy, restoration of lost parts, undoing of aging effects, etc.
4 However, our Hell requires no self-becoming objects and not every object in temporally-closed spacetimes must turn back into its earlier self. A traveller can avoid object-looping simply by moving correctly. Indeed, a moving object in a cylindrical universe can recede to arbitrarily-great spatial distances from its starting point, encountering every 'unwound' or unrolled) form, plotting personal time against spatial distance travelled:
While personal time increases along Faustus-1's worldline without limit, this worldline nonetheless tends to a definite spatial limit, i.e. a distance 2d from q.
Likewise, Faustus-2 asymptotically approaches a distance 3d from q as personal time blows up, and so on -each of the damned has its own unique distance from q to which it tends in the limit as personal time tends to infinity. None of the vertical dotted lines above marks an achievable destination for any Faustus -rather than marking an end-point to any worldline, each such line instead marks a limit towards which a given damned being's worldline will tend as arbitrarily great personal time Again, the damned tend only asymptotically to literally zero velocity -it would take infinite personal time for any Faustus to come to a complete standstill.
Prima facie, each Faustus approaches literal rest and zero length as Zeno's Achilles approaches his quarry, i.e. via a geometrical series that takes infinitely many steps to complete. However, the two cases differ significantly: where Achilles supposedly packs infinitely many sub-runs into a finite time simpliciter (i.e. measured by Achilles or anybody else), the stages in the shortening and slowing of a Faustus require infinite (personal) time. If Achilles' run really comprised infinitely many subruns, his catching his quarry in finite time would be a supertask in any frame of reference -the task's duration is finite for Achilles or anybody else. Hence Achilles' supertask (if such it be) is observer-independent. However, any Faustus can perform only a perspective-relative 'bifurcated' supertask. 
III) Three Definitions of Time Travel
Assuming for now our Faustus series are eternally damned, are they really time I take 'time travel' to be nothing more, and nothing less, than the act of starting at a particular point in spacetime, taking an otherwise conventional trip, and somehow returning to (or close to) that very point. … In geometric terms, my time traveler is simply one whose worldline is closed (or almost closed).
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'Otherwise conventional' here means always keeping below the (local) speed of light.
Every Faustus begins with finite velocity and thereafter progressively slows down. to forward time travel. However these differences don't matter greatly here because our damned count as time-travellers by all three definitions: i) exhibiting personal/external durational discrepancies, ii) traversing (nearly) closed timelike curves and iii) registering multiply on global timeslices.
IV) Cylindrical and Local Forms of Hilbert's Inferno
In the original cylindrical model spacetime above, it was assumed that complete timeslices were identified, i.e. that the whole spacetime was temporally closed. One might worry that it was only by fiat that objects in our original cylindrical spacetime were assumed to maintain sufficient velocity that they didn't form object loops (i.e.
become their earlier selves). After all, leave a stationary object long enough in a temporally rolled-up spacetime and it must form an object-loop. One might also worry about how any temporally-closed 'cylindrical' spacetime can connect to a causally normal universe. Both worries can be reduced if our temporally-closed Hell is simply a region formed by localised identification between spatially limited regions of two timeslices but residing in an otherwise causally normal universe:
Two localised regions of timeslices t 1 and t 2 are identified. These regions look from outside as if they reside on separate timeslices but they are identical and will not In a local Hilbert's Inferno, all of the infinitely many damned have infinite personal futures and yet face a definite finite limit to their travel into the external future -each Faustus will encounter timeslice t 2 infinitely many times but no Faustus ever reaches an external time later than t 2 . All the damned disappear from external history as of t 2 , and while they survive personally forever, there will be external times (perhaps distributed across an infinite external future) which they will never see. Just as Hilbert's Inferno offers endless multiplication of shocks and noises, it also permits a unique economy of effort for any attendant demons. Suppose you wish to add to the torments of the damned by goading them with regular reminders of their plight. Suppose a denunciation is affixed to a billboard and displayed for a short interval after t 1 . Since t 1 (like all global timeslices in Hilbert's Inferno) will recur infinitely many times in the personal time of each and every Faustus, this single admonitory message can be viewed infinitely many times by each and every one of the infinitely many damned. Of course, each of the damned will receive only a diminishing exposure to any light reflected from this denunciation. But then again, the damned's sense-organs presumably contract along the direction of travel too so their visual acuity may improve proportionally as they progress.
Any demons supervising a local Hilbert's Inferno could have finite personal futures that nonetheless take them to external times after the eternal damnation of all their charges -a demon could 'shadow' its charges throughout their eternal damnation without spending infinite demonic time so doing, since in principle any point on an
infinite Faustus worldline could be reached from outside in a finite amount of an external observer's time. Thus, one more dismaying feature to being in the Faustus series: one's attendant demons could be present throughout one's eternal damnation without being eternally damned themselves. Being reminded that one's attendant demon would be with one only for an eternity of one's own time (i.e. not of the demon's time) might be very disheartening. Curiously, a local Hilbert's Inferno embedded in a normal spacetime would allow demons to bestow eternal torments on the damned and yet leave room for said demons to be themselves redeemable.
VI) Conclusions
Hilbert's Inferno seems a possible world and so logic permits (personally) eternal torment for each of infinitely many fully-physical damned in a finite spacetime wherein divergences in temporal passage remain within finite bounds. Hilbert's Inferno offers another kind of regional explanation as to whereabouts in space and whenabouts in time endless suffering might occur -since both Hilbert's Inferno itself and any entrance to it could be arbitrarily small. Likewise, if Hellmouth can be arbitrarily small, epistemic access to it is that bit easier to control. If the damned are confined to a local Hilbert's Inferno, their infinitely long personal futures will have finite bounds in external time, hence if the saved enjoy eternal futures in an infinite causally normal spacetime surrounding Hilbert's Inferno, the eternal careers of damned and saved need not occupy co-extensive times. In this case, the 'falling away' of the lost would involve a literal divergence from the careers of the saved, and the eternity of the blessed could extend infinitely after that of the damned. Hence t 2 above would be an external temporal horizon to damnation and mean that the saved could not indefinitely contemplate the condition of the lost, nor vice versa -perhaps a merciful provision.
Finally, Hilbert's Inferno suggests an unsuspected eschatological asymmetry, namely that some spacetimes are intrinsically better-suited to supporting some eschatological states than others. Whereas a spatiotemporally infinite universe seems equally amenable to hosting infinite bliss or infinite suffering, Hilbert's Inferno seems vastly better suited to the latter. Because the only infinite worldlines in Hilbert's
Inferno commit travellers to ever-greater compression, this spacetime seems intrinsically infernal, i.e. its very nature is better fitted to punishment than reward.
Above, we imagined our damned as subject to the ministrations of demons but, provided correct contraction and slowing are maintained, the Faustus series could be literally self-tormenting. Where Sartre's Garcin and Marlowe's Mephistopheles aver (respectively) that "L'Enfer, c'est les Autres" and "Hell hath no limits, nor is circumscrib'd / in one self-place" 19 , the hellishness of Hilbert's Inferno consists precisely in the eternal persistence, ever more tightly circumscribed, of one's self.
